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The mean gross alpha and beta activities in surface soil and drinkable water in the sur-
rounding communities of a steel processing company, following a continuous exposure of
workers and dwellers is determined using a low background Gas-less counting system
with a solid state silicon PIPS detector for alpha and beta detection. The average activities
for gross alpha and beta in soil ranged between 48.5 ± 15.8e64.0 ± 10.0Bq/kg and
411.5 ± 11.5e2710.0 ± 150.0Bq/kg respectively, whereas in water it ranged between
0.0064 ± 0.0001e0.0182 ± 0.0001 Bq/l and 0.046 ± 0.001e0.126 ± 0.001 Bq/l respectively. The
average annual committed effective dose from intake of water was between 0.0304 mSv
and 0.0678 mSv which is lower than the recommended reference level for ingested dose
from drinkable water.
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Radioactive contamination of the environment can be defined
as any increase in the natural background radiation arising
out of human activities involving the use of naturally occur-
ring or artificially produced radioactive substances (Patel,
1980). It is typically the result of a loss of control of radioac-
tive materials during the production or use of radioisotopes.
Such contamination could be occasional, accidental or
continuous.
The hazards to people and the environment from radio-
active contamination depend on the nature of the radioactive
contaminant, the level of contamination, and the extent of the
spread of contamination.ical Science, Yaba Colleg
m (O.I. Adekoya).
gyptian Society of Radiat
iety of Radiation Sciences
icense (http://creativecomHuman activities such as mining, milling and processing of
uranium ores and mineral sands, smelting of metalliferous
ores, manufacture of fertilizers, drilling, transportation, pro-
cessing and burning of fossil fuels have raised the concentra-
tions of naturally occurring radioactive materials in the
environment (Avwiri & Ebeniro, 1998; Foland, Kirland &
Vinnikoov, 1995; Pujol & Sanchez- Cabeza, 2000). The dump-
ingof largeamountofwastematerials insiteswithoutadequate
soil protection measures result in soil as well as, surface and
groundwater pollution (Eikelboom, Ruwiel,& Gounmans, 2001;
Namasivayam, Radhika,& Suba, 2001) Enhanced levels of these
naturally occurring radionuclidesmight be present in the soil as
well assurfaceandgroundwater inareas thatare rich innatural
radionuclides. The soil acts as a source of transfers of radio-
nuclides through the food chain depending on their chemicale of Technology, Nigeria.
ion Sciences and Applications.
andApplications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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and animals (Jabbar et al., 2010); hence, it is the basic indicator
of the radiological status of the environment.
The presence of radionuclides in water poses a number of
health hazards, especially when these radionuclides are
deposited in the human body through drinking. Dissolved
radionuclides in water emit particles (alpha and beta) and
photons (gamma) which gradually expose living tissues
(Alam, Kamal, Ghose, Islam & Anwaruddin, 1999; Gruber,
Maringer & Landstetter, 2009). Human and animal studies
show that radiation exposure at low to moderate doses may
increase the long-term incidence of cancer (Amrani &
Cherouati, 1999; Collman, Loomis & Sandler, 1991; Gofman,
1990). The potential adverse effect from ingestion of radio-
nuclides, through drinkingwater, requires a standard to be set
in order to protect the members of public from radiation
exposure above permissible levels.
The World Health Organizations' guidelines for drinking-
water quality recommended the determination of gross
alpha and gross beta activity concentrations in drinking water
as the first step of the radiological aspect of the drinking water
quality (WHO, 2004. Generally, radiation exposure due to gross
alpha is of greater concern than that due to gross beta for
natural radioactivity (Bunotto & Bueno, 2008). This is due to
the high LET nature of alpha particles which gives them the
ability to deposit larger amount of energy within a small dis-
tance in a medium. The essence of the evaluation of the gross
alpha and gross beta activities is to ensure that the reference
dose level (RDL) of committed effective dose of 0.1 mSv from 1
year's consumption of drinking water is not exceeded. The
RDL of 0.1mSv is equal to 10% of the dose limit formembers of
the public, recommended by the International Commission
for Radiological Protection (ICRP, 1990) and the International
Basic Safety Standards (IAEA, 1996). Also, they are acceptable
tomostWorld Health Organization (WHO)member States, the
European Commission, and the Food and Agriculture Orga-
nization (Muhammad, Jaafar, & Akpa, 2010).
The gross alpha radioactivity concentration in soil samples
is defined as the total radioactivity of all alpha emitters. The
values of gross alpha radioactivity originating from these
alpha emitters in soil samples depend on the geological
characteristic of the area, content of mineral component and
the type of activities in the area. Alpha emitters mixed to
ground water by filtering from soil have contributed to the
increased concentrations of gross alpha in well water sam-
ples. The gross beta radioactivity in soil is due to the natural
long-lived isotopes 40K, 210Pb and 228Ra (Bunotto & Bueno,
2008; Alam, Kamal, Ghose, Islam & Anwaruddin, 1999;
Gruber, Maringer & Landstetter, 2009; Amrani & Cherouati,
1999; Collman, Loomis & Sandler, 1991).
Often in radioactivity research, attentions aremostly given
to gamma emitters detection and quantification even in an
environment where it is possible to have alpha and beta
emitters (Gu & Yaprak, 2010; Lu et al., 2012; Mehade Hassan,
Ali, Paul, Haydar & Islam, 2014). While it is true that gamma
rays have the highest penetrating power when compared to
alpha and beta particles, the effects of alpha and beta particles
within the body either through inhalation or ingestion are far
more detrimental because of their ionising power. In a metal
recycling facility such as the Delta Steel Company, Aladja-Ovwian, Delta State, South West Nigeria, where scrap metals
are recycled, it is possible to have scrapmetals that have been
contaminated with one or more of gamma, beta and alpha
radiation emitters. Unpublished reports has it that there ex-
ists an elevated level of radioactivity within the company as a
result of highly radioactive wastes being released due to the
continuous smelting and re-cycling of metalliferous ores and
scrap metals, some of which have been contaminated with
radioactive materials from their sources. These wastes are
particulate in nature, and because they are air-borne may be
dispersed into the communities surrounding the steel com-
pany, where they may eventually settle on farmlands, farm
crops and in communities' sources of water (e.g. dug wells,
river bodies, etc) and are as well inhaled continuously. Crops
grown in such communities could absorb these radioactive
elements either from the soil or through their leaves, while
the sea foods or drinkable water could also be radioactive to
extents that could be harmful when these radioactive parti-
cles settle on or are dissolved in them.
When these contaminated crops and aquatic animals are
eventually eaten, radioactive elements get into the body and
could reach hazardous levels depending on the type of radio-
active element present, the rate of consumption of these food/
water products or the extent towhich the food/water have been
contaminated.This,nodoubt isaproblemtothecommunities in
the immediate environs of the steel company, in addition to the
contamination arising from the inhalation of radioactive dusts.
Till date, there is no known literature of the radioactivity
levels at Delta Steel Company nor the population risk of the
local people within the vicinity of the company due to
continuous exposure. The present research assesses the gross
alpha and beta activities in surface soil and drinkable water as
well as the effective dose to the dwellers in the environment
of Delta steel company due to the steel processing activities.2. Materials and methods
An initial survey to ascertain the level of radiation was carried
out at the premises of Delta Steel Company using a portable
alarm dose meter calibrated with an x-ray machine at the
SSDL of the National Institute of Radiation Protection &
Research, University of Ibadan, Nigeria.
2.1. Sample area
Three communities were sampled in the assessment of the
extent of radiation exposure due to the discharges from Delta
Steel Company. These are Ovwian, Aladja and Delta Steel
Township. Ovwian is situated to the immediate right of the
steel company and has its centre about 3.77 km from the steel
company. Aladja is situated to the immediate left of the
company with its centre at about 1.68 km from the steel
company. The Delta Steel township is a settlement area pro-
vided for the staff of the company and is located from about
5 km away from the company. All three locations are situated
in Udu local government area of Delta State. A fourth location
which served as a control is Warri, situated to the north of
Delta Steel Company and is about 5 km from the company.
The map of the locations is shown in Fig. 1.
Fig. 1
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Several farmlands and gardenswere visitedwhere soil samples
were randomly collected. A total of 20 soil samples comprising
3samples fromOvwian, 6 samples fromAladja, 8 samples from
Steel township and 3 samples fromWarri, were collected from
which composite samples were formed. Unlike Aladja and
Steel Township communities where the farmlands are located
at different places, Ovwian and Warri farmlands are situated
on the outskirts of the communities on vast lands. Drinkable
water samples comprising 5, 6, 7 and 2 samples from Ovwian,
Aladja, Delta Steel township and Warri respectively, were also
randomly selectedmajorly from boreholes and a few dug wells
within the communities where the people resided.
2.3. Sample preparation
Three hundred millilitres (300 ml) of each water sample was
acidified with 1 ml of concentrated HNO3 and evaporated to
near dryness on a hot plate in a fume hood. The residue in the
beakerwas rinsedwith 1MHNO3 and evaporated again to near
dryness. The residue was dissolved in minimum amount 1M
HNO3 and transferred into a weighed 25 mm stainless steel
planchet. The planchet with its content was heated until all
moisture has evaporated. It was then stored in a desiccator
and allowed to cool and prevented from absorbing moisture.
The soil samples were spread on clean stainless steel trays
and air dried for 72 h. Initial sieving of soil was made and the
pebbles, grasses and any residual roots, leaves and branches
of plants removed. After the initial sieving the samples were
dried in an electric oven at a temperature of <80 C overnight
until the moisture of the soil could not be further removed.
The samples were afterwards transferred into planchet,
weighed and set aside for analysis.2.4. Sample analysis
The prepared samples (both water and soil) were counted to
determine alpha and beta activity concentration using the low
background Gas-less Automatic Alpha/Beta counting system
(Canberra iMatic™) calibrated with alpha (241Am) and beta
(90Sr) standards. The system uses a solid state silicon
(Passivated implanted Planar Silicon, PIPS) detector for alpha
and beta detection. The samples were counted for 200 min.
The alpha and beta efficiencies were determined to be
36.39 ± 2.1% and 36.61 ± 2.2% respectively. The background
readings of the detector for alpha and beta activity concen-
trations were 0.04 ± 0.01 and 0.22 ± 0.03 cpm. All the mea-
surements were carried out at the Ghana Atomic Energy
Commission, Accra.3. Results and discussions
The measured mean values for the equivalent dose rates at
different points within the premises of the steel company are
shown in Table 1. The average dose equivalent ratewas highest
at the dumpsite (1.08 102 mSv/hr) and least at themain gate
(4.0  105 mSv/hr). The values (except at the dumpsite)
compare favourably with those measured at Ughelli, Delta
State (Avwiri, Enyinna, & Agbalagba, 2007) and Ikot Akpaden,
Uyo (Esen, Ituen, Etuk, & Nwokolo, 2013). The high value
recorded at the dump site goes to confirm the unpublished
account of an elevated activity of radionuclides in that area.
The mean gross alpha and beta activities in soil and water
samples are shown in Table 2.
The mean gross alpha and beta activities in soil samples
was between 32.0 ± 10.0e64.0 ± 10.0 Bq/kg and
411.5± 11.5e2710.0± 150.0 Bq/kg respectively. Themean gross
Table 1 e In-situmeasurements of mean equivalent dose
rate at Delta Steel Company.
Location Mean equivalent
dose rate (mSv/hr)
Main Gate 4.0  105
Canteen 8.5  105
Milling site 1.1  104
Inner gate 6.5  105
Waste disposal Truck 2.0  104
Dump site 1.08  102
Ughelli, Delta State
(Avwiri, Enyinna & Agbalagba 2007)
1.48  104
Ikot Akpaden, Uyo
(Esen et al., 2013)
1.65  104
Fig. 2 e Mean gross alpha activity (Bq/kg) in soil in the
locations.
Fig. 3 e Mean gross beta activity (Bq/kg) in soil in the
locations.
Fig. 4 e Mean gross alpha and beta activities in drinkable
water from the sampled locations.
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(Anekwe, Avwiri, & Abumere, 2013; Meidinyo & Agbalagba,
2012) around Imirigin, Bayelsa state (530 ± 20 Bq/kg) and
Rivers state (152.11 ± 61.67 Bq/kg e 322 ± 121.67 Bq/kg). The
mean beta activities in the present study, however compares
favourably to themean value at Bayelsa (2929 ± 170Bq/kg), but
is much higher than those obtained in selected oil fields in
Rivers state (311.15 ± 83.3 Bq/kg e 615.5 ± 178.83 Bq/kg).
Gross alpha and beta activities decreased with increasing
distance from the steel company (except for beta activities
between the Steel Township and Warri) as seen in Figs. 2 and
3. This pattern of variation suggests that there is a possible
contamination of the environment through the recycling ac-
tivities of Delta Steel Company.
The mean activity in water ranged between
0.0064 ± 0.0001e0.0182 ± 0.0001 Bq/l and 0.046 ± 0.001e
0.126 ± 0.001 Bq/l for gross alpha and beta respectively. Fig. 4
shows the plot of gross alpha and beta activities in the water
for the sampled locations. Gross beta activities in drinkable
water decreased with increasing distance from the company,
unlike gross alpha activities that showed an increase with
increasing distance from the source (except at Aladja).
There exists a poor linear correlation between gross alpha
and beta activities in the water as shown in Fig. 5, thus
implying that different radionuclides might be responsible for
the contamination of the drinkable water.
There also exists a weak linear correlation between gross
alpha activities in soil and water (Fig. 6), which could also
imply that surface contaminant in the soil due to waste dis-
charges from the steel company may not contribute mean-
ingfully to the contamination in the drinkable water.
This seems obvious following the trend in gross alpha ac-
tivities with increasing distance from the company.
Conversely, the strong linear correlation between gross beta
activities in soil and water (Fig. 7), may suggest that drinkableTable 2 e Mean activity of gross alpha and beta in water and s
Location Water
Mean gross alpha (Bq/l) Mean gross beta (Bq/
Ovwian 0.0064 ± 0.0001 0.126 ± 0.001
Aladja 0.0166 ± 0.0001 0.121 ± 0.002
DSc Town 0.0129 ± 0.0001 0.076 ± 0.001
Warri 0.0182 ± 0.0001 0.046 ± 0.001water contamination by beta particles might be as a result of
percolation of beta eemitting radionuclides through the soil
into the ground water.
The decrease in gross beta activities as one moves away
from the source also suggests that the contaminants being
discharged from the steel company may have beta-emitting
radionuclides dominance.oil.
Soil
l) Mean gross alpha (Bq/kg) Mean gross beta (Bq/kg)
64.0 ± 10.0 2710.0 ± 150.0
59.7 ± 11.0 1746.7 ± 69.3
48.5 ± 15.8 411.5 ± 11.5
32.0 ± 10.0 453.0 ± 10.0
Fig. 5 e Total effective equivalent dose due to alpha and
beta radionuclides in drinking water.
Fig. 6 e Correlation between gross alpha activities in soil
and water samples.
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for tap water recorded in the Niger Delta regionwhere average
activity values are 0.100 ± 0.003 Bq/l and 8.9 ± 0.2 Bq/l
respectively for gross alpha and beta (Agbalagba Ezekiel,
Avwiri Gregory, & Chadumoren Yehuwdah, 2013) and for
ground water in Ado-Ekiti where gross alpha and beta values
are 0.589 ± 0.36 Bq/l and 0.236 ± 0.190 Bq/l respectively. (Fasae,
2013). The activity are below the permissible levels of 0.5 Bq/l
for gross alpha and 1.0 Bq/l for gross beta as recommended by
WHO (2004).Fig. 7 e Correlation between gross beta activities in soil
and water samples.3.1. Effective dose
The annual alpha and beta effective dose due to intake of
water was determined by averaging the individual annual
committed effective doses contributed by themajor alpha and





Aiða=bÞX DCFiða=bÞ X 730 (1)
where Eavg(a/b) is the average gross annual alpha or beta
committed effective dose in the drinkable water, Ai(a/b) is the
gross alpha or beta activity concentration of individual ra-
dionuclides present in the water sample and DCFi(a/b) is the
dose conversion factor for ingestion of the individual natural
radionuclides for an adult taken from UNSCEAR (2000) report.
A daily water intake of 2 L/day is assumed (EPA, 2000e05) thus
resulting in annual consumption rate of 730 L/year.
Following the procedure of Fernandez, Lozano, and Gomez
(1992) and Damla, Cevik, Karahan, and Kobya (2006), it is
considered thatmore than 50% of the annual dose from intake
of water corresponds to radium (gross alpha radium). This
was assumed in this work since the component radionuclides
in the gross alpha and beta activities could not be determined
due to the limited functions of themachine used. According to
G€oru¨r, Keser, Akcay, As, and Dizman (2011) the major con-
tributors to the gross b activities are 210Pb and 228Ra. For cal-
culations, the dose conversion factors of 2.80  104 mSvBq 1
for 226Ra and 6.90  104 mSvBq 1 for both 210Pb and 228Ra,
published by the WHO (2004) were used. The calculated
effective doses are shown in Table 3.
The equivalent gross beta effective dose due to water
intake was highest at Ovwian and Aladja locations which are
closest to the steel company. The values are respectively
0.063 mSv and 0.061 mSv. The gross beta effective dose
decreased with increasing distance from the steel company.
At Warri (control site), the gross beta effective dose was least
(0.023 mSv).
Fig. 8 shows the total effective equivalent dose due to both
alpha (radium-226) and beta emitting radionuclides in drink-
able water.
The total effective equivalent dose was greatest at Aladja
and least at Warri. It thus follows that greater risk is associ-
ated with drinkable water from Aladja and Ovwian, than at
the Steel Township and Warri. The recommended reference
















Aladja 0.0068 0.061 0.0678
Ovwian 0.0026 0.063 0.0656
DSc Town 0.0053 0.038 0.0433
Warri 0.0074 0.023 0.0304
Fig. 8 e Total effective equivalent dose due to alpha and
beta radionuclides in drinking water.
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however not exceeded in all of the locations, thus making the
water in all the locations safe for consumption.4. Conclusion
The mean gross alpha and beta in surface soil and drinkable
water samples were measured and the effective doses
computed. Drinkable water from the sampled locations pose
no risk to both workers and dwellers in and around the area
though there is little or no radioactive contamination of the
water arising from the radioactive wastes being discharged
into the air or deposited on ground.
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